Circular dichroism and electron microscopy of a core Y61F mutant of the F1 gene 5 single-stranded DNA-binding protein and theoretical analysis of CD spectra of four Tyr --> Phe substitutions.
A core Y61F mutant of the gene 5 single-stranded DNA-binding protein (g5p) of f1 bacterial virus aggregated when expressed from a plasmid, but, after refolding in vitro, it behaved much like wild-type and may be a stability or folding mutant. Circular dichroism (CD) titrations showed the same cooperative polynucleotide binding modes for Y61F and wild-type g5p. There are n = 4 and n congruent with 2.5 modes for binding to poly[d(A)] at low ionic strengths, but n = 4, n = 3, and n congruent with 2-2.5 modes for binding to fd single-stranded viral DNA (fd ssDNA), where n is the number of nucleotides occluded by each bound g5p monomer in a given mode. Y61F g5p has slightly reduced affinity in the n = 4 mode. Electron microscopy showed that Y61F g5p forms left-handed nucleoprotein superhelices indistinguishable from wild-type. Progression from binding to fd ssDNA in the n = 4 to n = 3 to n congruent with 2-2.5 mode is accompanied by an increase in the number of helical turns, an increase from (7.7 +/- 0.3) to (9.5 +/- 0.3) to ( approximately 10-13) g5p dimers per turn, and a decrease in the number of DNA nucleotides per turn. From CD spectra for four of five possible Y --> F g5p mutants, we infer that the fifth tyrosine, Tyr 56, contributes strongly to the CD. Retention of a strong 229 nm CD band in all mutants indicates that all retain elements of the native structure. Spectra of Y26F, Y34F, and Y61F g5p imply limited mobility of the replacement Phe. Comparison of measured with calculated CD spectra also suggests limited mobility for Tyr 26 and Tyr 34 in g5p in solution, and provides new information that the g5p structure in solution may be dominated by Tyr 41 rotamers differing from that stabilized in the crystal.